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Abstract of J P2001 332547 

PROBLEM TO BE SOLVED: To obtain a semiconductor 
device that has an excellent interface characteristics between 
a silicon substrate and a metal silicate layer. 
SOLUTION: This semiconductor device where an active 



element is formed on a silicon substrate 51 has a metal 
silicate layer 53 that is formed on the silicon substrate 51 , and 
an electrode layer 54 that is formed on the metal silicon 
substrate 53. In the metal silicon substrate 53, the 
concentration of the configuration metal is gradually reduced 
from the interface between the electrode and metal silicate 
layers 54 and 53 toward the interface between the silicon 
substrate 51 and the silicate layer 53. 
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fSl<r>tmmt:fr^Xi>X\,\ 
C o o 6 l ] mz. 03^fJ: o Hz. flsMUftSftifc 
\,z X -> U U 3 > $l$r:£ffifcit« L, ^ <7)^ 'J ^ 'J 

3 ffltfc^-x^ tr ?- hmm 5 4 Sr^-fS . 

Wi^X. mi.H4 5 0°C. Pads 
V^T. m&/fAXHmLfcS iH 4 ^kNH 3 ^'XCO 
lg-^^$rfflV>T. Mitf5nm-200nmWCVD 

c o o 6 2 ] timcoxm*. mn<r>u i s v^vifx? 

OkeV, K-XS1 X 1 0 15 cm-2-C'5tt*CO-f ^-ygE 

X . -ffc*«ffl««ffifc: J: o T^iltcffl^iiaBi 5 7 1 & 
SCVDy'Jn >-Btft:IBI£it« t . Z<r>mffl1tmJ& 5 7 
C3y^? h7LSrmn-r-&. MWC. x/N'-y^a^J:^ 
T^HtCA lJK**tl»U Cl^)A 1)K$:KI3S14-<^>-x 
■/fy/l:J:otA7--yy'U, A l ffiiH5 8£«2 

[00 63] (HJ6JKS1-2) JXtc, 05£#S3L 
Ts H3tcSrTM I S h5^^^^'J<^Sjt*jS^ii 

COO 64 ] 05(a) t^-ridtC. 

(100) . itSift4~6QcmOpM^y 3>-*^5 
l±l=. »6tt>f ^yx-yf-v^cJ:'? , *HHB«0fc 
J6^ft&JFM-rS. 09i.{fLP-TEOSMSr 

aa6atf c t izx im^mm® 5 2 imtft-tt . 

10065]^:, 05 (b) t^-ripfc. Silt 
5 1 £B?S#H^T';!JI1!!!L BOX (mfmit) . t>L 
OiCVDCiot. SiSUiCSiOj m62£B 

C 0 0 6 6 ] XC. 05(c) tcjjcf J: d W^Ji'Z 
r^Jl^->-'-y h^fflV^T. «R|X{^#^-C\ Si0 2 

JS6 2±t;, s i o 2 ^+^*>^i»ii«RSWia±^aco 

^JR7C^^*-ri.^«K6 3 2rit«i-&. ^Slfi6 3<7) 

C 0 0 6 7 ] <5C^. 05(d) fc^-r.): dfc. W^tf. 
*^*f5 0 0-8 0 0*C<0M!ifc:J:o-C&JKB$6 34" 
^JStc^StS i 0 2 ®6 2WztimZlt&TmZft 
\,\ i/ya y£WL5 l ±lz>J?%< t i&JS^ y ^>f hS 
5 3$r^-ri... ddt:'(i:^JR7C^i:LTZr5:fflV% 

fe. ^jsjk6 3+(c{±. sio 2 mwztnf&mmm& 
£Xk<om<?>£m7vmtf<k£tix^&tz#>. mmm^tzx 
ht&%icr>wfflttmiz£t). &mm=F*mw&i:<. -m 

i 0 2 K 6 2 fctf-C*. ISS 
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[ 0 0 6 8 ] &ic, M3iZ7jk~tX 0 (C. -ffc^ffij£«& 

i^vr. 0l|i.{£4 5 0"C. £7JlPa~10 5 Pa£i3 
VYC. WMtiXXmiLtzS iH, #XiNH 3 #X«0 
W&tJXim^X. MilJ5nm~20 0nm<0CVD 

ygitjga^&ft y- hwm 5 6 ZBtitth . 

[0069] UtfJWIgy:. jf^M I S hyy ; JX? 
OkeV, K— Xm.1 x 1 O^cm-J-CSt^-^^-^ 

x. it¥%ttfmmzx^xikmzmm®mm5 7 1% 

lza>?7bH$:W\n-fh. M^X. XJ*-/?m<,ziL-o 

[oo 70] iMttzM (04. msx-mmuz 

m) tci>wt. ^M^Vr* hJI5 3*^fi£$ix^f* 

lz . gfstsia^* t L < {ijas^s^i* i o T 

^y^r-f hS53£M-ffc$-t!:ft.r£:«. &JR^yy-f h 

ji5 3*>'sio 2 \tth<r>*m%^. mtpoxmzm 

mmw^zstt >j vms 3«. #tt±j; 

[0071] (mtmmi-3) mz. M6zm=-L 
x. m3iz7jk-tM i s Y7> : Jx?<?)m<nmg%miz'o 
^xmmth. 

[0072] £-f . 06(a) (C^-Ti 3 fc. ®#<i 
(10 0). ltffiet4~6Qcmc7)pMv-U3^«5 
1 ±fc . RJEt£-f ^-^x >y f - J: 0 . S^gtWo: 
«X03lfe»*-t4. ig^T. fyUfcfLP-TEOSffil*: 

[00 7 3] 06 (b ) (CTjrT J/'Jny 
S«5 1 Srffi^J 10Pa-10 5 P a(7)lf^#I^ 

x . «itr z r m^-tmit^ v => t i>isA,rz 

S i N ?-^-'>y MCl— -f-ltZmSiLX. is 

v^ym&s i±tz'j,-%< ti>z rif, mmm^zs 

[0074] mz, 06 (c) iz^i-xoiz, maim 
mm^ist! 3 o cc~8 o o'ccnmmmzm lx , ^ 

S£ist6 4 +t=iBMFF«:*A Lti-y-htmm 53 m 

5^aT<om^mm(r>mnm^. mmwtmme o*» 



[ 0 0 7 5 ] 0 3 t^-r x o tc. -f^^fflfiS^a 

fe J: U 5/ U a ymz-kMlztm L , ico^'J y 

3 yn^^-^^ L-cy- hm«i 5 4 zmm-z . 

0Ufcr4 5O*C, JE7JlPa~10 6 PaCrfc 
V . gfli#X-e#f? L?t S i H 4 #X f: N H 3 
i!-&#X£ffllvC. «?lji.{i-5nm~2 0 0nmcOCVD 

[0076] jaflM>XBIi. a^OM I s h^y^? 

OkeV. h'-XMl X 1 O^cm-i-CattS^^"^ 

T , ft^ffiJftAftfc: ± oT^fflfc:iil^9*K 5 7 i; 

ay?? h?LS:ran-r&. m^x. x^-y^mzx-o 

•y^y^fci^T/^-^y^LT. A 1 iSU 5 8 
[0077] (IIS^^l-4) ftlc. 07Sr#B5L 

t. 03(c^-tm i s h7>isx?<7)m<7>$mijm*m. 

[0 0 78] t-T. 07 (a) IZnk-tJiolZ, 
(100) . HMtfi4'^6acm<7)pW^V3>mfii.5 
l±fc. ^1t^^-^x.y^y^^J:0. 
«X0«t»rtW*. *V>T, Mi-ffLP-TEOSH^ 

[0079] <Xfc. 07(b) (C^f J: dtC C 
VDaWoT, gS^S?#BS^+T<7)Z r C 1 4 XfX 
kNH 3 Jixcnmfetfx. tKliZr (S0 4 ) 2 # 
XtNH 3 ^'XcOfg^'X^tfO. ZrSr-t-tfKtt^'Xi: 
M^?r^T>*^T^XSr. M^i3"l~l 0 5 Pa« 
E^J. 1-lOOOscc mC0$HmX\ ZtlZIXSS.I.Z 

mm. m%L. mL&m.&m.i&~-8oo'c<7)i&gm&<,z 

mXXSS i ^#tf^ ( Z r S i N, K) 6 5 £it«-f 

[0 080] mz. 07 (c ) ^-tidfc. I^St 
Sr. mitt 2 0 0°C^8 0 0°C<fr<m.XWm%. :: f i $:'&ts 

wmmzmvx. nzr. mmm/s i 
-ri.ji6 5 tptzmmmnmAi-zz t izx ->x . 
^^i-rs^jRv-y^^ he5 3^Bg-rs. ciw 

[ 0 0 8 1 ] . 0 3 KTjvr J; d te. ^^ffl^ft^ 
^i^T^yv'Jny^Sr^a^itaL. £«Mfys/»J 
3 yJBtSr/^-x^ LTy- hmfig 5 4 £l*j£-f.S>. 
^T,Milf4 5 0'C, E^jlPa~10 5 Pafcii 
V vc . ^**'XT-^g? L/iS i H, JfXbN H 3 *'X« 
ig^**X$:fflV^T. fylJ;U£5nm~2 0 0nmOCVD 
y'Jn ^S-ftJS*^^ ft Mffltt 5 6 Sr^-T ft . 
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[ o o s 2 ] mtnxmt* m.ncnu. i sh7>^^ 

OkeV, K-Xi 1 x 1 0 1 5 c m" 2 t«W-f ^ yft 

X . ft^»fflja«tfe(c i ->"C^iiit«IB»6IMl5 7 fc$r 
ftCVD^Un^lMURSitfllL, £a*Q|gltlll5 7 

[0083] JiLh, #^cr)V^<o*^^3t^&*t 
[0084] mm , ttX#ffl»4qftv^i|&jBSBR^BK 

^*t»^*fflvvfeCVDJfefc:J:-5-r. ^'J^ySS 
i^MSrltW^^f*^. 8 0 0*COT<7)igS#*#B^ 

[ 0 0 8 5 ] 3r;fc. ±JfiLfc^6*BBJBO*JSi. ?i 
~/>y—h (damascene gate) ^KIAHSl^—l- (re 
Placement gate) hyy : JA?ya*Z.COy— Mfe&IS 

C0086] man. i^yyy-fh?^^ 

«:Jft«Ljfc8L TEO SCDitSL CMPCi^lSJff 
[ 0 0 8 7 ] _B£ U^*^ife^®O^S:fflv^-C . 

-y- h zMMLtzmzmtz Lti s i mmmm^ti^ 
mtz&mssum&tmL. sim&knzmizj&jRztL 
h&misv-yj hmzy-htimmtLxm^zzkiz 

[0088] (mtmB2)mz, u—f-ryu-^ 

a >mtz J; s i SftLh^JRiKUR&^-ri. 1 1 
[0089] H8(i, s i aWLttz rOjS ( 



iitsi mm^zmiz. zr-zy^n (#®^u 

T-f h/f : interfacial Zr silicate) j£tffgj££*VtV> 
[0 09 0] 0912:, ftWisVr-i bJItf>±ffij&»£S i 

&*7jti,tii><7)X'hh. 

[009 1 ] H9^-TJ:3(~. KmisV-lr-i vmcr>±. 
ffi*^S i»tg(Cl6j*>oT (AiJc^ia^MScWcfa 
A'ot) . ZrOiRS (M^t— te^H #7%*>£>L 

[00 9 2] iiT, CcoJ;otcLT#^n^ffi^U 

*>Zr*ilJ£**av\ -T&fc^z r&J&WU 7%«t9fc 

?ffi«c<0Z riftgtel 7 %aTX'h% Zb&l&tL^. 
[0093] 4fc, AJRIMtfflSi: LTiiffTtOZ r O 
, (x-2) 5rfflV%S*g-, H 9 0*8£tt«*>6 

7%aj&m*k*&. ^<r>m^. mmmts io 2 i 

(e = 7~8SJK) , 4/£U-^«rtt<0 
^-fbt^t.=5rV^ UttfoT. Zr-/'Jir-< 

X'hZZbtWtL^. 

[0094] 010 ( a ) ti. 1^— «f— 7/ U— 3 > 

bkjkst-z r o 2 mzimh. msu'vn v-mzim 

mtLXm^tz. Au/^ffiy'JM hM (Zry'Jir 
h«) /S ifitifcOMI SdfA-v^^H-pv^T. -?-£7) 
C-V#14S:a!l^L^i^*5:^t^t><7)TJ)?». 010 

(b) ji, 010 (a) ©Mi/ijjr-r hJitraaeo 

Zr«KS:frr4^-y>yhS:fflV^r««Lfc, Au/ 
i SZry'J^ hif /S i ^jtc7)M I -\- 

[0095] wm^A tmmt^M.mh btitzmmm 
mmmze=7-^8kmwg.x'h t ). sio 2 ±o 
i>3tMzm^m*^vx^&. -n. c-vti-^zm 

LXit, 010(b) VWffi&zXZZrisV^ hM 

tm^tt^^isfnw&m^X'^hwzMi,. 010 
(a) <7)irx'iiz<Dm%mi*M.htLX fm%& 

[0096] W±<Di. 0 (C. Z riMi S i i:<7)#ffl 
WZX ->X%htlK . ZryU^ hS<7)JJHffl^® 
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fb£A> J1& k s ZrisV-lrJ h Jl<OTSffi!l^HT"COZ 
raWE*»JUWMWirCtfDZ ri&gj: OtffiV^Zry'J^- 
^ItlHi) ^tlCiO. Zri/'J^ MtSi 
fflKfc<OWirciiZ r iftKri<«V ^Mz&i&ftffiftH 
-I fc StttC. Zri/'J -Jr-< M«a> 

-r t *<t-# . fth.fc*stt£ir*-4 m i s aroMMi n ? 

[0 0 97] Z rtftffcbOKHf j&UiLa£ffl 

WC*>J:l\ ^HfttZrfcH«c0ttK£#l/C^4 

[0098] jar, ±»U!:J:3*fltt«r*-*Mis 

t4aBM9Wail-C^LfcBI3<OfllJStH«-C*0» 

[0099] i-T . 14 (a) fc^f-J: 3 C« BEfrfifc 
(10 0) , JtffiSt4~6Qcmc7)pMv-U3>'S«5 

frnrnzmm-h. «wc, ^jitfLP-TEosnsr 

[oioo] mz. H4 < b ) izm-t x o i — - 
T7u-~sa >immzm^x. maimm-ftE® 1 o 

PaO»H^*. »SiBS3 0 0-6 0 O'ClZ&^X , 
JKJ¥1 0nm£0ZrO 2 K (r&JSSHtJI) 5 9£S i* 

#t5 i±tcfiiug-ri.. l^-if-ry^-^g v^js^r 

[OlODZrOj K5 9<DJftlU:Hl$fc:. Siit 
5UZr0 2 |P5 9i:^W('(iff$2~3nmSJg 
<OZry'J^M5 3^M$W. CCOidttT 
»^$ilSZrx'J^-< hS5 3fi. »CZr. O 

tlhZrisVjrJ h«5 3(i. S imtfi.5 HB£S i . 
ZrO ; Jl5 9fiytZr^<frifrri.^. Z ril 
**S i »&5 HBte|t!J&»oT L^*VHcffi<^4fS#fffi^i 

[0 10 2] 4*:. ZrOj Bt5 9&j£lt?*IRfc:iaijB 
5rffiil-r?.^i:A»'f#-S.7tto. S i 0 2 ffl&l,Z&< . X 



[0 103] H4 (c) tZTp-tXolZ. im.2% 
<0#HF^?gSrffl^T 1 0 0#gjg»>x-y M7fy/ 
Srffdi:. Zr0 2 JK5 9«X-y f-y^Stu Zry'J 

I'/fy/W 1 ~3«IM*< SroT t Zri/'J^ 
W4J:<. JW»3rZr^>j$r4 M5 3^^«WC 
[0 104] <Wc, 114 (d) izm-Xdiz, x.v+> 

flzX^xmZtlfcZ risVtrj hjg5 3C*rfC. A 
eKSM6 0*^llgK»^B?J=f-tS. BiBlftS&iUta 

[0105] mz. m 3 t^i- J: d ^«ffl««* 

0lRtf4 5 0*C. KlPa~10 6 Patc;t> 
Wt, SBR^-WBRLfcSiH, ^tNH 3 
li^X$rfflV>T. f«ilf5nm~2 0 0nme9CVD 

[0106] laf^coxgJi, il^cOM I S h7y^^ 
t0iKtISi:|5l«T'S>l»„ -T^*., CTi.tfanar«JE2 
OkeV, K-Xfil X 1 0 15 cm-2-efltig?M Jf^a 
ASr^V^ V-X- KW ^IS«55Sr^-tS. 

t . "ffc^mfflj&ftac: <t o r ^istcJiianetBin 5 1 1 % 

\,z^xv99 hiizmn-tz. m^x. x;*-/?mz£-o 
xzmizA i mztmL. i Wk*m&&4 

[0107]^, *$a»B»fc*jvvc. ffit»eiA»«i 

[ o i o s ] ttz. *mmmi. m i nmwmt m 

*.x<r>y- vtmmzimth z. t h-*imx'bz. 
[0109] KLt. ^mtvmmmmmirtiitf. * 
fm±±3Rmiemzw&&tit i><ox-^< , *<r>m 
^mm. L%^ffl&ftiz&^xm«$3& txmmt & z. 
tiMwx-hh. ±Mmwm.\.z\m«<r>W!$ 
nfmw&ztixto*) , ra*$ftfc«j^#£3ssffl* 

[0 110] 
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d^E^y^ hmzy-himmtLxm 

\,i&Zt?M I S b9:/^X*£>ttf8iiajJbS-£*£i: 

[033 *^<0|l*fiJgSStC{S-5M ISb^yy'X^ 
[04 ] *^BH^IS))SJBSC^SM I S h7> ; JX*CD 

im5 } ^mc^mtmmzi^M i sh?^^ 
mmjimcomcoMZTjkLtzJLmwwm. 

[06 3 ^a^HSfe^^SM ISb?^^ 

[07 3 *^0)l(Ol|]5W}Btc^SM I s h^yisxfco 

[ 08 3 *%BJ<DSUfeJg©(:« 0 . y*«Lttc& 
SK-fUSSr^L^ipkOllirHflUtSrTEMtcJ: o-C« 



[HI 3 




[09 3 H8fc*U;K!Bfc:ovvc. £S^'J^M hS 
+<7)Z rigJK£^b*:0. 

[HI 0 3 #W5ifcJ:o-Cf#&*ifcM I S^-wWrJ'co 
c-v»tt*t)a«*Sf:»ibLTjSUfcH. 

2- ZrO, IS (&JKB?ftSt) 

3- Zr-/'J^ MI (M^'J^ hJf ) 

5 3-y-M6HW (&m^0*4 Ml) 
54-y-htt (««■) 
5 5- »y— J* • HU-f 

5 7-mmt&m 

5 8-A lEia 

5 9-Zr0 2 IS (AR^fcJK) 

6 2-SiOj iK^Ua^lWUl) 
6 3-^ffiiXii&l3«>yiM FBI 
64-Zrff. S»IS^Sr#^-t-S^^ 

6 5"M^3^A1, XiJZr. g^Sy^'Jn 



[02 3 
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F*— <M##) 4K029 AA06 BA52 BB02 BC05 BD01 
CA01 CA05 DB05 DB20 FA01 
GA01 

4K030 AA03 AA13 BA38 BB12 CA04 
DA02 DA09 LA02 

5F040 DA19 DC01 EC07 ED03 EK05 
FA07 FC22 

5F058 BA20 BC03 BC11 BC20 BD01 
BD05 BD09 BD18 BF02 BF17 
BF22 BF24 BF29 BF40 BH03 
BH04 BH16 BJ01 BJ10 

5F103 AA01 AA08 DD30 LL08 PP03 
RR05 



